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1. "'1'he 1t.NS'I St.Anard in \:he u.s. is ftO~ nearly as cOl'1~e:vat:ive as
those sec in'Russia. Easte~ Europe~ Australia an4 el$ewnere. The
U.S. st:andArd. i.s b&,;.4 aol.ly = t:i.s~. baa.t.i=g. Sc:ieftt;ist;a
5Q~ting t.neS8 ma::e ::-eat:ict.ive at.andards .laewh.~e =ust believe
thAt athermal eftect.a exiat.; az:e pot:.ec.ti&lly harmful, and aet. t.hei!:
standAr~ Acc:orc1ingly. , ..
2. Ont;i1 4ese-b.aee! marcicU.t:y amc1 martuit;y seudi•• are dane in
humAn populaeion=. all RFIMW atandAzocb will be a:bitrary. Un~il en

"ex-;;o5u:-e-clused. 5~anda:d can be set. I t ••l that. on AI.J.aA Dp~:lrQac:h
i5 most r8&&O;1l",bl.a. IA t.he cue o~ .i~in; new anee::naa, I feel.
t-~Arl~r:"nr\""brl" :\h.,n1.1i T'.r.tnt'tt'ft t.hAr. 'nMnl ft in tbft r.1Qftft:n~ rt.:s::'dencc:i
...0\.1 ~ no~ a.ve tone.: AI: 1l'JW eA-poau:. J.ave'I:a UlcrU••Cl •

•.
J • The .approach in eba Cl\ .....clQqua~e given ~h. c:ur:'lInc· at-ace
of knowlec!ge in the field. Haw.ver, whare doub~ About. h\ml&ll hea.lt.h
i:np&ct.s Qxj.s~s. cny ez:o:a:' iA .~~rcl ••et.1ng shQuJ.d 'tie
eonsarvaeive. Tbis standard was davelopec1 befar. mas~ of t~8
athermal e~f,ct;a we::. known. Since 1c is clo$i;neci only to groceet
aqains'C tisGue heating:, it ~& I:1Qt a CQlIoSeriative :5tandArc:l.

. ~.I"-- ....••.

. '
4 • _ D~ • G\1.y'~. & r ••pect-eel -= £oWlc!ing me=beJ: 0 £ t:.!':..
3ioeleccrcmagnetica Saci.~y. R. ai.lllply c!oes not believe that
a.thermal levels' c! R!' /lftf exposura can c&wse human healtb problus.
Interest:.n;ly.. "lark in. hi. own lab lugqests ~t. '"1:Julsed RF e.t
aeh_r.ma1 1eve~s may cause canCGr in ~es.

My own s~uCy ot aznae"u: raCia licensees whc~ are cxgosea.' ~o
both ELF and., U t1elc!s showed 1Dcr~.sed 1aatt41ity f:-am. c:e=ce.i;-.
c:r.::.c:.~s. 't'h.i.s, pl~s" ~h. o~b.:" oc:cup&r.1c::.al ~,:-o~~G=Cta.·
el:)idemialcgic: st.uCies in the lit.e......~~e lead zr._ tQ .b~l1.evf7 c; ••a.:
e~csure acand4~ caaeG on c~~l ~~u:y o=!y, ne.c._gwer~n•.
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land vehicles aDd sbipl:'
~o-."AIa'.""""c.w ••

......... UMiBlll...·IIIP·Pwer..........
.J-nwl..,~~...,p.15, u.,lM6

MeJDniD. the hocmoncoftbe piaeIJ sJand. isc:uneatly rbe sabjeeI of
IJU1b iIJ..iaCormed publicity .-I ..,t111ioa in the~ me.
ciaworldwide. s.veraJ. boob iX1 the subjectbaWl made IfOIIly 1lUI
pratedclaimsfor ill value, podrayiaaku.....and _m ..ali
....1ftlIQrIenL1'bAedaimsanul__ ofe:tUl'lldllnvwlcdleof

tbc physioJocical f\ladioas of IIIdIIIoaiaIlld ICI dIInpcutiC pablIlIinL
-DroJ.Aradt.......... " lit tM1JIIIftnIt7

If:::..CullAn. u.x.. ".,....
_ ••lrJMp;",."f~ .

Cla'-NllMlDdIe An:......., ,..
..... lllliItMIl"'" (U.K.), p.U42.May U.ltH

"1'hcn:', DO doubt tbc CCllIlrOYersy hal ClCpIoded in the aut twO)'8III.
_Ol'-YtGlIOpeapfe DMrcomaaentecLyOla.IOkI........
.... the power Jines Idd &bey may haw: bid a1kde tit of. JriazJc
..It. Now i*JPC_au:bllXDinbmedmdut1bamlelftS"
dons lib:1mwe we pjDa10bec:ompeucrd1 How wiD webeable
110ICllout?Cataiab',....orlhDpnadoatot'wi.ar informedwiubUy
tlIem. WomenwiIbdIi1&boare sc:n. 'n1ey _'t wmt them play
ialin Ihe t.:kyIrd...

--c.nN IDKek, ....
....."", "' IlIVtn _~ ....
.....W~ ""HIPv.a.1bIIIt-""'...

. ('MeIbourae,~ p.3,Aptfl17.IIM

FROM THE FIELD
Clippings from All Ove,

"T1Icscientistcan afton! to be lkqlCJeaI much kmact~ Ihepenon
C10nccmcd with proccctiag public: bca1tII."

~KIHIa"""""CII"""""'''''''World Hal... Ofp ....-a....TIt,.-t ProJed,
.... ..,MtdIaeI ~ 1'Int

~.,F s.II-, "pdI 1'.1"'
"If!here WIll a bealth eft'ect from c;ell phones. becautc of tbeirpupu
IBrity it would be • majoa- public hcaJIb coacem."

-Dr.AnIIIII' (IUQ) c.., 1f'Wlnlla 'lIM "6•lilY (Wnt).
.....,,.. 'aIllCdl AnI' ....
.........." ,.....' p.AlZ.MaJ17.1M6

'"The [CMCU) resean:h projec:tia really nanexilteal.1bere'slUJtbinJ
tbcrc. Deemper1lr" noc1odIen...

-RGuld _I1 ddI8doIIpm ......
• tue.ut _IllM'U!'I1ID..NJ ..,.

~8iIYa In '"TIwc.-IfWTaQ-It..... ."1.......,,..
"!MIN .b........~ p.D.MaJ6.1",<.,.I')

[CtlilMcCaw] bas 4ifflCllky IbsorbinglenBfhy wriUea documents
nodUIUaUy aYOick them.TbIIIlIaa_ timefor biDleo dowhit.pRftts
lnJWay. which is to think IGd to IIlIadbick lid lakem tbc t1i1 pictan.

- ........~ ..CnIa McCaws-..1DIIIMt
III tile SIq." ,...... )L6t. May 21.1996

TheAirForwbas~ al:apabiUty ofCQllnteriftCIliMiefmnc
sy-.nsbydamIIinIlbdrCOft!l'ClMll tbnluBh the uzof"ealtemely"
bi....power mic:roWftel, IItCOIdIJIc eo SecrdIIy of ~fcasePeny's
I'CCeftIly J'IlleaIed 1996 Annual R.qIoIt to the President Iddeonereu.
The ft:.POCt akG~ "thln Ill'C similar pnIII'IRI$ for promction of

. .
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EMe CONSIDERAnONS FOR DIGITAL CELLULAR RADIO
AND HEARING AIDS

Jon Short

BT Ubor3lOries. ManJcsham Ream. lpswich. EAIlaDd

This paper describes me comp:llibility problem
between digiw cellular rJdio and hc::IriDg aids.
Rese:ucb has shown mar. any radio system usinI
time division multiple access could rqulady
interfere 'Mirh he:uing aids. This problem III&Y be
reduced by c:onsuaims on the cellul:ar syI(eIIl

implemenuation allhough an~ in bcarinl
aid immunity m such signals is ~quiRd if dIis
problem is to de3l1 with effeaive1y. It is hoped
lh:Il COST 219" may be able to bring such
ch:In~ abOut. 1b1S infonnation was pn:.scmed to
,a.mct:rin£" 01 COST 219 on me 16th June 1992
in Dublin.

1."IntroductiDD

The aim of this paper is to describe the poa:ndal
compatibiUty problem between digital cdlular
r:u:lio systems md he:lring 3ids. In doing so it is
hoped that action may be taken 10 improve tbc
cwrcm simariOD.

The compatibitily problem stems from any
system where time division is used to multiplex
m:my users onto I single RF carrier (Tunc

. Division Multiple AccCS$ - TDMA). This proc;css
results in &he carrier being turned on and off
many limes. U Ihc fn:quency at whiCh IbiS
naming an an4 off occurs is in the audio
frequency band then simply designed audio
devices. such as he:aring .ods. can demodu1alc &be
RF envelope:and produce an annoying 'bUz%mI'
sound. With c;ueful design. these problems CIIl

be removed through greater immunity to sudl
signals.

It should be noled that this is an issue Cor any
TDMA system when close to my audio
3p~. However. stUdies have shown Ibal
hearing :lids :are particularly susceptible anc1 more

likeJy ro be close to polUb1e telephones.

ThIs paper tbemorc coYCJS me standards bodies
involved ill £Me issues. die iniDal EMC wort.
BUdicI curled 0Ul at BTLabonuories. bigbUgIU
poaibJe solutiom IUd chen makes some final
recommnadons

:z. ETSI Stllldards

This issue baS bcc:D biIbilst=d duuu&b tbe wen
of orprJisaliODJ plftidpuinl in abe BrSI
mndaR1s bOdies. On the elllital cellular rIdlo
side. 'die: Il1IHcdmical commiace SM02 bas
bca driviDg tbe wmt faJVlard. This' bady is
dwpd with me radio aspccu af Ibe pm
Eumpeaa dilital cellular aeuo sys=a - OSM.
Odler ETSI bodia iDvolvecl in EMC issuc:s lie
sutHeduUca1 CODUIIiUees RES9 and EE4. RES9
an: concerueel widl ENC· Standards for radio
equipm= and EE4 in EYe. srandaIds for all
other tdccommUDic:alions equipment.

" 3. Initial £Me Tesdna

1be iDicil1 SIUdles of die~ potential of
TDMA U'ID5ID1I1Cr1 WIS conduacd back in 1989
by BT Labonrodcs. die UK DTI. CSELT, RIcal
Research and odtm. At dw ap Ihc smdics
wen ccmcemed widl bearinI aids. pcllOJlal •
players, domesdc audio aquipmenr. TV
equipmCDl and cudllC pace makers. Tbese
studies n:sultcd iIllbc following findings :-

• No ilUcdmnce to c:mliac pac:c IIlIkeI$
• Sllgbl intelfen:m:e 10 domesti~ audio

cquipmCDl
SipJiftc:am 1Drafc~ lO bo4y wom
audio equipment



.c. BT Laboratories H~rinlAid Testinl

Tbe wort Cllried out at an. COIn be split into Z
UC3S :.

• Immunity testing
• Interferencc modeUing

J. J ItnllUUJiry Tuling

expc:riencin~ interfcrmce in I rypic:al cc11u1u'
sYStem ?

firstly. we mUSI determine the number of acD'Ie
mobiles :uJd tbeit n-~mit powers. ThillS clone
using a typicAl cell :.. ··OUt to give !he muimUDl
number of users :at ;my one lime and then :l

simple link budget is used 10 detennine die
UilnSmit powClS.

. .A number Df h=ing impaired volunteers from
BTL WI:ZI: 'OISIted to uke pan in a labonltory te5L

The·.. CODSisted of an anechoic chamber (no
Rf' Te11ections) in which an aruenna was
mmsmiaing a leSt signal similar to th:a1 radiated
by a OSM mobile telephone. The subject was
then asked to walk towards the :JrUerma and note
the level of perceived immcrcncc aI various
distmees. Having preViously calibrated the
chamber for field sP"ength (in Volts per Qlt:tre •
Vim) the CliuC3! field suength COUld be
dc&Cnnincd.

From the D':IDSIIUt powers. we can detemline
wtw, arell around each traIJm1iuer will eXperience
a field strength of 4 Vim or grearcr. If we know
lbe nwnber of mobila ttmsnlininl we can find
the tOW affected IIU. This is the rotl!~ in
which a hearing aid user would experience
interference.

GiV~ the toW area of the c:eU layoUI under
considenuion. we can ca1culare the ratio of the
affected aR::l 10 chc mw~ This lives me
probability of ilUcrfcrau:c.

The leSt equipment used 10 cre:ue the tr:lnSmitted
sisnal allowed lhc following p:u:uncters to be:
varied .-

If we ;Uso know me number aDd dWUiOD of the
cellular telephoDe calls made. we can detenDinc
the time between bursts of intertermce and the
dur.lnon of these bursIs.

However. wbal does this' me:m .'1 b this a
problem Of not '1 In order to answer these
questions. a modelling exercise was W1dettakelL

1bc' objec:t of Sbc aaodelling exercise is to
determine. liven the 4 Vim critical field strength.
what is the probability of a hearing aid user

The n=su1tS of this laboratocy investigation
showed Uw the mech:mism c:msing me
imerfemJCe was non-Uneu devices in the hearing
aids demodulating the 100" amplitude
modulared squ~ wave ot· the RF envelope.
Since the trame n:pcdtion rue is in me audible
mquency bll'ld the demodular.:d products are
audible.. 1bc couca! fielcl sualgt!1 is around 4
Vim for perccplible, annoying inl&:rfercnce.

1 buJ'U 11Slin& 2 mins on Ibc 1rain daily
• 1 burst lasting :z mins It 1be train swion

every 1..5 momhs
• 1 bursc lasting 3. OD Ibc SlRct daily

I burst in the offsc:c lasting 2 min! every
momh

• Daily·commuter from nnl Mea into City
• Person working Ibd UviDI in aly

RetimS person shopping in city

Funher ro chis. it can be said chat Ibe hearing aid
user wW be unable 10 use a ponable digilll
ceUular telephone. Opcr:aion of a vehicle
insWlcd telephone woUld. however. be possible.

If. fDr example. we ilia:: lbc daily commuter. we
fmd that (with d1c iDiEial trcqucm:y aUocaon for
GSM) the following inJerfcmICC would be
pcn;civcd :.

.nus modelling exereisc was conducted for the
following scenarios :-

Modulating wave(onu
Duty cycle
Transmit pulse uansition time
Repetition rue
Camcr suppression
Carrier frequency

•

•
•

•

•

•



5. Soluliaas

The~~ lbings dw com be clone bolh froallbB
mobile r.a4ia side and Crom me bc2rin1 aid side.

far chi: GSM ceUul~ system, the followinl
const.r.linls an applied lO minimise
im~rieraa: ;-

• Dynamic power commllO be used
• s.an cc11s implemcnu:d wb= possible
• Discontinuous lr.U1SIDission EO be used

All cbesc :aspedS will eDSWC that the tnIISmiar
is oper:lling fot the shonesl possible tilDe IIId
using the lowest posSible IlanSIZUl power.

Howc:ver. dIis is unlikely to lCducc me prvblcm
to 311 acccpcabic level. An~~ed imlDUIIity to
RF inrerfc~e is t.hcn:tore requimJ fOt hearinC
:aids. Tests have shown lhal if me immunity is
r:lised Crom the curt'CP1 3 VIm to around 10 Vim.
then inmfem1Cc: will be sisnificandy r=uecc1
These &em abo indic:ncd dW this increase could
be adUewd with simple modificwon to lbe
baIinI- design.

6. Conclusion

Extensive rcscuch bas bi&h1ilhted a
compatibililY problem between TDMA
umsmitters aM hearing aids. These TDMA
UilnSlDiacrs asay be OSM tnnSmiaers bw cauld
be Iram my SY$~m usinl me lDMA principle.
S=c TDMA is beina {avowed for anumber of
tunue te1cc:ommunicadoas S)'SUlIDS. lbc aumber
of TDMA mobile cerminals is likely CD

dnmatically increase in the ccmiDl years.

This pmblem could be: dramadr:al1y n:~cd by
applying syslCID desip~ for die (iSM
syscem and an increased immunitY fIvm 3 VItA
10 10V1m for fuQue hearing aid devices.

It is hoped thal in prescminl WS wort. 10 COST
219. same practical ways for improving heariDI
ud inununicy can be found and impll!lDl!DUId ill
Mule hcuing aid desjgns. This would .,earl)'
benefit the hearinC impair1!d in yean to CDIIIe

.....hen me number of mobile UllephDDa bas
gre:u1y ina=seci. Such an irPprgVCZDc:m may also
cnem that bearing impaiml people will be able
usc porublc digital ce11&alar celcpbones


